NGC 2359 is an HII region located in the outer Galaxy that contains the isolated Wolf-Rayet (WR) star HD 56925. We present new CO observations of NGC 2359 with the Nobeyama 45-m radio telescope and the Atacama Submillimeter Telescope Experiment using the 12 CO(J = 1-0, 3-2) emission lines and compare them with archived HI and radio-continuum data from the Very Large Array. Our purpose is to investigate whether the formation of the WR star in 1 NGC 2359 was triggered by a cloud-cloud collision. We find two molecular clouds at ∼37 and ∼54 km s −1 , and two HI clouds at ∼54 and ∼63 km s −1 . All are likely to be associated with NGC 2359 as suggested by good morphological correspondence not only with an optical dark lane through the nebula but also with the radio-shell boundary. We also find that the molecular cloud at ∼54 km s −1 has a high kinematic temperature of at least ∼40 K, thus indicating that the gas temperature has been increased because of heating by the WR star. We propose that both NGC 2359 and the isolated WR star were created by a collision between the two molecular clouds. The supersonic velocity separation of the two clouds cannot be explained by stellar feedback from the WR star. The complementary spatial distributions and bridging features of CO and HI also are in good agreement with the expected observational signatures of high-mass star formations triggered by cloud-cloud collisions. We argue that NGC 2359 may be in the final phase of a cloud-cloud collision and that the collision timescale is ∼1.5 Myr or longer. We also note that there is no significant difference between the physical properties of colliding clouds that trigger the formation of isolated O-type and WR stars.
Introduction
It is a longstanding question how isolated (or so-called "field") high-mass stars are formed in interstellar space. Recently, the cloud-cloud collision model has received considerable attention as a formation mechanism not only for high-mass stellar clusters but also for isolated high-mass stars. Torii et al. (2011 Torii et al. ( , 2017a showed that the isolated O-type star associated with the HII region M20 was formed by a collision between two molecular clouds, that have a velocity separation of ∼8 km s −1 .
They detected a high intensity ratio (> 1) of CO J = 3-2 / 1-0 toward both clouds, thus suggesting a physical association with the O-type star. They also found that the two clouds have complementary spatial distributions and that a bridging feature physically connects the two clouds in velocity space. On the basis of comparisons with numerical simulations, they concluded that the complementary spatial distributions and the bridging feature can be interpreted as typical cloud-cloud collision signatures. Therefore, the isolated O-type star in M20 is not a runaway star but was formed by strong gas compression during the cloud-cloud collision.
Theoretical studies also support this idea because a collision between two dense clouds increases the effective sound speed and gas density in the shocked layer (e.g., Habe & Ohta 1992; Anathpindika 2010; Inoue & Fukui 2013; Takahira et al. 2014; Inoue et al. 2017 ). According to Inoue et al. (2017) , isothermal magnetohydrodynamic simulations of cloud-cloud collisions can achieve high accretion rates M acc > 10 −4 M ⊙ yr −1 , which is high enough to allow the formation of O-type stars (e.g., Wolfire & Cassinelli 1987) . They also found that the most massive sink particle, which has a mass of 50 M ⊙ or higher, was created within a few 10 5 yr after the collision.
To date, observational evidence for cloud-cloud collisions as a formation mechanism for Otype stars has been obtained from 22 sources associated with stellar clusters containing 2 or more O-type stars (Hasegawa et al. 1994; Furukawa et al. 2009; Ohama et al. 2010 Ohama et al. , 2017 Fukui et al. 2014 Fukui et al. , 2016 2017e; Tsuboi et al. 2015; Voisin et al. 2016; Dewangan 2017; Kohno et al. 2017; Nishimura et al. 2017a Nishimura et al. , 2017b Torii et al. 2017b Torii et al. , 2017c Sano et al. 2017; Okawa et al. 2017; Tsuge et al. 2017; Fujita et al. 2017 ) and with 5 sources associated with isolated high-mass stars (Torii et al. 2011 (Torii et al. , 2015 (Torii et al. , 2017a Fukui et al. 2015; Saigo et al. 2017; Hayashi et al. 2017 NGC 2359 (also known as Sh 2-298 or Thor's Helmet) is an optical ring nebula associated with the isolated WR star HD 56925 (= WR 7, van der Hucht et al. 1981) . Figure 1 shows an optical image of NGC 2359 (courtesy of Robert Franke) obtained at the Focal Pointe Observatory. The WR star is categorized as spectral type WN4b (Smith et al. 1996) and is located at (l, b) ∼ (227.
• 750, −0.
• 129). It has formed a wind-blown bubble that is ∼4. ′ 5 in diameter. By using the interferometric profiles of Hα, [OIII] , and [NII], the expansion velocity of the bubble was found to range from ∼15 km s −1 to 30 km s −1 (Schneps et al. 1981; Treffers & Chu 1982; Goudis et al. 1983; Goudis et al. 1994; Meaburn et al. 1994) up to 55 ± 25 km s −1 (Lozinskaya 1973) . The nebula also contains a number of optical/radio filaments corresponding to diffuse ionized gas. Furthermore, two prominent optical dark lanes are located at (l, b) ∼ (227.
• 82, −0.
• 13) and (227.
• 77, −0.
• 07).
The distance to the nebula and the WR star is still a matter of debate. The photometric distance to HD 56925 was determined to be ∼3.5 kpc to 6.9 kpc (Smith 1968; Crampton 1971; van der Hucht 2001) , whereas the kinematic distance to NGC 2359 was found to be 4.0-6.3 kpc according to the radial velocity of the CO and optical lines (Georgelin et al. 1973; Peimbert et al. 1978; Talent & Dufour 1979; Fich & Blitz 1984) . In the present study, we adopt an average distance of ∼5 kpc, following the same assumptions as in previous studies (e.g., Cappa et al. 2001; Rizzo et al. 2001 ).
Both CO and HI observations have been reported in the direction of NGC 2359. Schneps et al. (1981) first observed the 12 CO and 13 CO(J = 1-0) emission lines by using the NRAO 11 m radio telescope, which has an angular resolution ∆θ ∼1. ′ 1. They found that there are three velocity components at V LSR ∼37, ∼54, and ∼67 km s −1 . By contrast, Cappa et al. (1999) made a complete observation of HI by using the Very Large Array (VLA) at ∆θ ∼45 ′′ . They found that the components at V LSR ∼54 and ∼63 km s −1 clearly trace along the optical wind-blown bubble, and they concluded that these HI clouds are associated with NGC 2359. Subsequent follow-up CO(J = 1-0, 2-1) observations were conducted using the SEST 15 m telescope with a fine angular resolution of 22 ′′ -44 ′′ (Cappa et al. 2001 ). On the basis of a comparative study of the CO, HI, and optical line emissions, they conclude that the CO and HI components at V LSR ∼54 km s by using the IRAM 30 m radio telescope (∆θ ∼12 ′′ ) with fully sampled CO(J = 1-0, 2-1) emission lines. They found multi-shocked layers in the CO cloud at V LSR = 42-48 km s −1 , 48-52 km s −1 , and 52-57 km s −1 , which may have been formed by several energetic events. However, no high-excitation CO lines were observed, such as CO(J = 3-2), which can trace high temperature and dense regions.
Moreover, no study has determined whether there is a relation between the molecular clouds and formation of the WR star.
In this study, we use new CO(J = 1-0, 3-2) datasets obtained with the Nobeyama 45 m and Atacama Submillimeter Telescope Experiment (ASTE) radio telescopes to investigate whether the formation of the WR star in NGC 2359 was triggered by a cloud-cloud collision. Section 2 describes the CO observations and other wavelength datasets. Section 3 comprises five subsections.
Subsections 3.1 and 3.2 present the large-scale distribution of the interstellar medium and its physical conditions; Subsection 3.3 describes the distributions of molecular and atomic clouds in the direction of NGC 2359; Subsection 3.4 presents the physical condition in the molecular clouds; Subsection 3.5 presents position-velocity diagrams for CO and HI. The discussion and our conclusions are given in Sections 4 and 5, respectively.
HI & Radio Continuum
To determine the spatial distributions of atomic hydrogen gas and ionized matter, we used the datasets for HI and for the radio continuum at 1465 MHz that appear in Cappa et al. (1999) . The data were obtained using the VLA of the National Radio Astronomy Observatory in April and August 1996. 
Dust Opacity & Temperature
We used archival datasets for the dust opacity τ 353 at 353 GHz and for the dust temperature T d to determine the properties of the interstellar gas around NGC 2359. The angular resolution of these datasets was ∼4 ′ . We utilized the data release version R1.20 (see Planck Collaboration et al. 2014 ).
Results

Large-scale distribution of the interstellar medium
Figures 2a and 2b show CO and HI maps obtained with NANTEN and Parkes covering 5
the WR nebula NGC 2359. The nebula, indicated by the white square, is located in the direction of a low-density region. A prominent giant molecular cloud is located at (l, b) ∼ (226.
• 0, −0.
• 5). It is not physically connected with NGC 2359 because of its large separation of ∼200 pc from the nebula. We also note that some other molecular clouds with intensities of ∼8 K km s −1 or higher are detected in the large-scale map. The total HI intensity toward the nebula is ∼3 × 10 3 K km s −1 . Similar trends have been found in previous studies of the high-latitude cloud complexes MBM 53, 54, 55, HLCG 92−35, and Perseus (Fukui et al. 2014; Okamoto et al. 2017) . We also find an enhancement of T d in the direction of NGC 2359; this finding indicates heating because of the UV radiation from the WR star.
X(CO) determination
To investigate the physical conditions of the interstellar gas toward NGC 2359 and its surroundings, we have determined the conversion factor X(CO) between the CO integrated intensity W (CO) and the molecular hydrogen column density N(H 2 ). According to Okamoto et al. (2017) , the total interstellar hydrogen column density N H is given by;
( 1) where the non linear exponent 1/1.3 includes the effect of the dust-growth parameter discussed by Roy et al. (2013) and Okamoto et al. (2017) . Figure 3 shows the correlation between W (CO) and N H derived using Equation (1). We fitted a linear relation to the data points by using the MPFITEXY procedure, which provides the slope and intercept by using a χ 2 test (Williams et al. 2010) . The slope and intercept were found to be (3.8 ± 0.6) × 10 20 and (5.7 ± 0.6) × 10 21 , respectively. The slope corresponds to the molecular component, and the intercept represents the atomic component of the gas Okamoto et al. (2017) :
where N(HI) is the atomic hydrogen column density. We finally obtained X(CO) = (1.9 ± 0.3)
We also derived the atomic hydrogen column density N(HI)' by using the Parkes HI data and the following equation (e.g., Dickey & Lockman 1990) :
where W (HI) is the integrated intensity of HI. We obtained N(HI)' = 5.8 × 10 20 cm −2 , which is the same as the values of N(HI) obtained from Equations (3) and (4). This finding indicats that the HI surrounding NGC 2359 is optically thin (τ ≪ 1). In the present study, we use the value X(CO) = 1.9
× 10 20 cm −2 (K km s −1 ) −1 and Equation (5) to determine the physical parameters of the molecular and atomic components.
Molecular and atomic clouds toward NGC 2359
Figure 4 shows the 12 CO(J = 3-2) and HI channel maps averaged over 4 km s −1 covering the range from 32.2 km s −1 to 68.2 km s −1 , in which the radio-continuum boundaries are superposed. The HI distribution exhibits bright HI structures at V LSR ∼54 (Figures 4e-4g ) and ∼63 km s −1 (Figure   4h ), as previously found by Cappa et al. (1999) . The component at V LSR ∼54 km s −1 consists of two filamentary HI clouds: one extends from east to southwest (hereafter referred to as the "south HI cloud"), and the other is elongated from north to northwest of the nebula (hereafter referred to as the "north HI cloud"). Both the north and south HI clouds show good spatial correspondence with the radio-shell boundary. In Figure 4h , the southern part of the radio boundary near (l, b)∼ (227.
• 85, −0.
• 12) was deformed along with the HI clump at V LSR ∼63 km s −1 . These observational trends suggest that both the HI components at V LSR ∼54 and ∼63 km s −1 are likely associated with NGC 2359.
From the CO distribution, we identify three molecular clouds at V LSR ∼37 (Figures 4a and   4b ), ∼53 (Figures 4d-4g ), and ∼67 km s −1 (Figure 4i ) in the direction of NGC 2359; these values are compatible with previous CO studies (e.g., Schneps et al. 1981; Cappa et al. 2001; Rizzo et al. 2001; Rizzo et al. 2003) . The component at V LSR ∼53 km s −1 (hereafter referred to as the "red-shifted CO cloud") is not only embedded along the radio boundary from east to south but is also correlated with the south HI cloud. The red-shifted CO cloud consists of several tiny clumps with sizes of ∼1 pc, and the most intense CO peak is located at (l, b) ∼ (227.
• 13). The component at V LSR ∼37 km s −1 (hereafter referred to as the "blue-shifted CO cloud") is located at (l, b) ∼ (227.
• 78, −0.
• 06)
along the eastern boundary of the radio shell. In the previous work, the red-shifted CO cloud has been considered associated with the nebula, whereas it has not been clear whether the blue-shifted CO cloud is interacting with the nebula (e.g., Cappa et al. 2001) . By contrast, the CO component at V LSR ∼67 km s −1 is located in the southwest region outside of the radio boundary. This finding suggests that the CO cloud at V LSR ∼67 km s −1 appears to be unconnected with NGC 2359. In the present paper, we focus on the blue-and red-shifted CO clouds. Figure 5 shows the optical image superposed on the CO and HI clouds in the direction of NGC 2359. It is worth noting that the blue-and red-shifted CO clouds appear projected onto the optical dark lane, suggesting that both CO clouds lie inside or in front of the nebula. We also find that the spatial distribution of the blue-shifted CO cloud is complementary to that of the red-shifted CO cloud. Furthermore, both the south and north HI clouds nicely trace not only the boundary of the radio shell but also the boundary of the optical filaments. In particular, the south HI cloud is located along the red-shifted CO cloud up to the boundary of the blue-shifted CO cloud.
To estimate the mass M of the CO cloud, we used the following equation:
where µ = 2.8 is mean molecular weight, taking into account a helium abundance of 20%, m H is the mass of the hydrogen atom, Ω is the solid angle of a square pixel, d is the distance to the molecular cloud, and N i (H 2 ) is the molecular hydrogen column density for each pixel. Both the blue-and redshifted CO clouds have masses of ∼700 M ⊙ to 800 M ⊙ at the distance of 5 kpc, consistent with the study of Cappa et al. (2001) . The maximum values of N(H 2 ) for the blue-shifted CO cloud is found to be ∼3.6 × 10 21 cm −2 , whereas that of the red-shifted CO cloud is ∼5.1 × 10 21 cm −2 . The mass and column density of the HI clouds also are roughly consistent with previous work (Cappa et al. 1999) .
We summarize the physical properties of the CO and HI clouds in Table 1 . We note that the velocity width of the red-shifted CO cloud is larger than that of the blue-shifted CO cloud, thus suggesting that the degrees of heating/ionization due to the WR star are different for the two CO clouds.
Physical conditions in the CO clouds
To investigate the physical conditions in the blue-and red-shifted CO clouds, we determined that spatial distributions of the intensity ratio R 3−2/1−0 for CO J = 3-2 / 1-0 by using the ASTE and Nobeyama 45 m CO data. Figure 6 shows the R 3−2/1−0 distributions for the CO clouds. In the blueshifted CO cloud (Figure 6a ), the highest value, R 3−2/1−0 > 0.6, is seen in the northeastern part, which is on the far side from the center of the nebula, whereas other regions show low values, R 3−2/1−0 < 0.3. In the red-shifted CO cloud (Figure 6b ), we see a high intensity ratio, R 3−2/1−0 > 1.0, from the entire region, which nicely traces the optical nebula. Figure 7 shows typical CO spectra at six positions in the blue-shifted CO cloud (B1 and B2) and the red-shifted CO cloud (R1-R4) (see also Table 1 ). We estimate that values of R 3−2/1−0 is ∼0.7 for B1, ∼0.3 for B2, ∼0.9-1.0 for R1-R3, and ∼0.6 for R4.
To investigate the origin of the highly excited gas in both the blue-and red-shifted CO clouds, we performed a Large Velocity Gradient analysis (LVG; e.g., Goldreich & Kwan 1974) . To determine the relation between the number density of molecular hydrogen n(H 2 ) and the kinematic temperature T k of the CO clouds as functions of R 3−2/1−0 , we assumed X/(dv/dr) ∼2 × 10 −5 for the blue-shifted CO cloud and ∼1 × 10 −4 for the red-shifted CO cloud, where X is the abundance ratio of 12 CO/H 2 (= 1 × 10 −4 ; c.f., Frerking et al. 1982) , and dv/dr is the velocity gradient of the CO clouds. We adopt dv/dr ∼0.2 km s −1 pc −1 for the blue-shifted CO cloud and ∼1.0 km s −1 pc −1 for the red-shifted CO cloud. Figure 8a shows the LVG result for the blue-shifted CO cloud. To determine the number density of molecular hydrogen n(H 2 ) at the positions B1 and B2, we first derived the excitation temperature T ex , assuming the local thermodynamic equilibrium (LTE):
T ex = 5.53/ln{1 + 5.53/(T 12 CO(J=1−0) peak
where T 12 CO(J=1−0) peak is the peak brightness temperature of the 12 CO(J = 1-0) line emission. The quantities T 12 CO(J=1−0) peak and T ex were found to be ∼13 and ∼16 K, respectively. Given that T ex = T k in LTE, we found n(H 2 ) for B1 (R 3−2/1−0 ∼0.7) and B2 (R 3−2/1−0 ∼0.3) to be ∼2000 and ∼400 cm −3 , respectively. By contrast, we constrain the kinematic temperature T k of the red-shifted CO cloud by using the LVG result shown in Figure 8b . Considering that a typical value of R 3−2/1−0 is 0.9-1.0 for the red-shifted CO cloud (see also Figure 6 ), the value of T k is at least ∼40 K, thus indicating that the temperature of the red-shifted CO cloud has been increased because of heating by the WR star.
3.5 Position-velocity diagrams for CO and HI Figure 9 shows the velocity-galactic longitude diagram for HI and CO. The blue-and red-shifted CO clouds have a peak velocity separation of ∼17 km s −1 (see also Table 1 ). We note that the red-shifted CO cloud shows elongated velocity structures extending to V LSR ∼44 km s −1 , which are roughly consistent with the 12 CO(J = 2-1) results presented by Rizzo et al. (2003) . Interestingly, the bridging features extended in the direction of the blue-shifted CO cloud but not in the same direction of the WR star (shown as the dashed line). We also find diffuse HI components at V LSR ∼41 km s −1 , which appear to connect the blue-and red-shifted CO clouds.
Discussion
Isolated WR star formation triggered by a cloud-cloud collision
According to Fukui et al. (2017b) , the observational signatures of high-mass star formation triggered by cloud-cloud collisions are generally categorized by three elements: (1) the two colliding clouds generally show a supersonic velocity separation in the range ∼10 km s −1 to 30 km s −1 ; (2) a bridging feature connects the two clouds in velocity space; (3) the spatial distributions of the two clouds are complementary to each other. In this section, we demonstrate that NGC 2359 satisfies all three observational signatures, thus making the cloud-cloud collision scenario entirely reasonable as the mechanism that formed the isolated WR star in NGC 2359.
In NGC 2359, the velocity separation of the blue-and red-shifted CO clouds is ∼16 km s −1 in the direction of the line-of-sight (hereafter referred to as the l.o.s.). Table 2 summarizes the physical parameters of molecular clouds toward isolated O-type stars formed by cloud-cloud collisions. The large velocity separation in NGC 2359 is similar to that in the HII region RCW 120 (Torii et al. 2015) . We argue that these large velocity separations cannot be created by stellar feedback from the high-mass star. In the case of NGC 2359, the total momentum of the neutral interstellar gas is ∼2 × 10 4 M ⊙ km s −1 , assuming that the velocity of the expanding gas is half the value of the velocity separation ∼8 km s −1 of the two clouds. On the contrary, the momentum typically available from the stellar wind from a WR star is ∼2.3 × 10 4 M ⊙ km s −1 (Abbott 1982) . Therefore, the required momentum is at least ∼90% of that available from the stellar wind, which exceeds the theoretical maximum of ∼20% that can be transferred from wind (e.g., Weaver et al. 1977) . Furthermore, the small solid angle subtended by the molecular/atomic clouds reduces the effective momentum transfer to the clouds.
In Figure 9 , the elongated velocity structure of the red-shifted CO cloud can be interpreted as part of a bridging feature connecting the red-and blue-shifted CO clouds. According to numerical simulations of cloud-cloud collisions, turbulent gas motions in the shock-compressed layer can be observed in a position-velocity diagram as an intermediate velocity component connecting two colliding clouds (e.g., Takahira et al. 2014; Haworth et al. 2015a; Haworth et al. 2015b ). Furthermore, the HI feature at V LSR ∼41 km s −1 may also be understood as a bridging feature, similar to the case of the HII region RCW 120. Torii et al. (2015) argue that the interstellar molecular/atomic gases associated with RCW 120 exhibit no expanding motions; hence, the elongated and intermediate velocity structures observed in that HII region were formed by a cloud-cloud collision. By contrast, Rizzo et al. (2003) claim that the elongated velocity structure of CO in NGC 2359 can be separated into three different velocity components that they suggest were formed by several energetic events during the earlier luminous-blue-variable phase and/or the actual WR stage of HD 56925. Moreover, Rizzo et al. (2003) found a large HI shell with a size of 70 pc × 37 pc in the direction of NGC 2359; this shell shows an expanding motion of ∼12 km s −1 . However, given the coarse angular resolution of the CO and HI observations, no conclusive evidence exists that the CO multiple-velocity layers and the HI expanding motions are physically connected with any past activity of HD 56925. Further CO and HI observations with a fine angular resolution using the Atacama Large Millimeter/submillimeter Array (ALMA), VLA, and Australia Telescope Compact Array interferometers are needed to clarify the detailed kinematics of the neutral interstellar gas associated with NGC 2359.
The spatial distribution of the blue-shifted CO cloud is complementary to that of the redshifted CO cloud or HI cloud (see Figure 5) ; this distribution is a typical signature of a collision between a small and large cloud (e.g., Habe & Ohta 1992; Anathpindika 2010; Takahira et al. 2014 Takahira et al. , 2017 . Furthermore, the bent shape of the red-shifted CO cloud is similar to the case of the dense dust core AGAL G337.916−00.477. According to Torii et al. (2017d , the infrared bent shape in AGAL G337.916−00.477 was formed either by the expansion of the HII region or by a cloud-cloud collision. In the latter case, the small colliding cloud has the potential to bend the large cloud through strong compression at the shocked layer . Given that NGC 2359 satisfies all the observational signatures of a cloud-cloud collision, we conclude that NGC 2359 and the isolated WR star HD 56925 were likely created by a cloud-cloud collision.
Evolutionary stage and collisional time scale
We claim that the evolutionary stage of NGC 2359 corresponds to the final phase of a cloud-cloud collision. Figure 10 shows a schematic illustration of the cloud-cloud collision model presented by Habe & Ohta (1992) and by Torii et al. (2015) , with minor updates. This interpretation is also compatible with numerical simulations using smoothed particle hydrodynamics codes. According to Anathpindika (2010) , a collision between a small and a large cloud forms a V-shaped gas structure pointing in the direction of the collision (similar to stage IV in Figure   10 ). Furthermore, the author found that the small penetrating cloud shows a density gradient along the collisional direction (see Figure 1 of Anathpindika 2010). In NGC 2359, the red-shifted CO and HI clouds show similar V-shaped structures west of the nebula. Moreover, the eastern part of the blue-shifted CO cloud, which corresponds to the direction of collision, shows a density that is five times higher than the western (see Section 3.4). Therefore, we conclude that the blue-shifted CO cloud likely collided from the west and has penetrated through the nebula.
The collision time scale is important for understanding the cloud-cloud collision in NGC 2359.
It is thought that a WR stars is formed after passing through the main-sequence phase of an Otype star, the typical lifetime of which is ∼1.5 Myr or longer (e.g., Meynet & Maeder 2005) . For consistency with this time scale, the blue-shifted CO cloud must have collided with at a collision angle of 70
• or higher relative to the l.o.s. Figure 11b shows a schematic illustration of the cloud-cloud collision in NGC 2359 presented in the galactic longitude-l.o.s. plane. The distance between the WR star and the blue-shifted CO cloud is ∼26 pc, and the collision velocity is ∼17 km s −1 , assuming a collision angle of 70
• . With these parameters, the collision timescale is ∼1.5 Myr. Furthermore, the large distance between the WR star and the blue-shifted CO cloud is also consistent with the low kinematic temperature ∼16 K in the blue-shifted CO cloud; it is too distant to be strongly affected by heating from the WR star.
Comparison with other isolated O-type stars formed by cloud-cloud collisions
We argue that there is no significant difference between the physical properties of the colliding clouds that produce isolated O-type stars and those that of WR stars. As mentioned in Section 4.1, NGC 2359 exhibits physical properties similar to those of RCW 120 with regard to the velocity separation, bridging features, and complementary spatial distributions between the two colliding clouds. On the contrary, the values of the mass and column density of NGC 2359 are the lowest in Table 2 . We argue that this result is an insignificant difference, particularly because ionized material cannot be traced by CO and HI emission lines. According to Cappa et al. (1999) , the total mass of ionized matter associated with NGC 2359 is ∼850-1100 M ⊙ according to radio-continuum observations from the VLA. Therefore, the total mass of neutral and ionized gas in NGC 2359 is at least ∼2.6-2.8 × 10 3 M ⊙ , similar to the value for M20, which has a total molecular mass of ∼2 × 10 3 M ⊙ . Moreover, the observed mass and column density of NGC 2359 are lower limits, because some of the CO molecules are expected to be photo-dissociated by the strong UV radiation from the WR star, particularly in the red-shifted CO cloud. Furtherer observations of neutral and ionized carbon by using ALMA and SOFIA are needed to determine accurately the total amount of interstellar gas and the degree of ionization of the interstellar gas toward NGC 2359.
Accurate measurements of the interstellar gas also are important for determining the key physical properties (mass, column density, relative velocity separation, etc.) that are necessary to obtain the spectral types of high-mass stars formed by cloud-cloud collisions. In Table 2 represent Hα and OIII emissions, respectively. Superposed contours indicate the radio continuum with VLA (Cappa et al. 1999) . The contour levels are 1.5, 2.2, 4.3, 7.8, 12.7, and 19.0 K. . Position-velocity diagram of the VLA HI superposed on the ASTE 12 CO(J = 3-2). The integration range of galactic latitude is from 227.
• 76 to 227.
• 84.
The lowest contour level and intervals of 12 CO(J = 3-2) are 0.11 K and 0.23 K, respectively. The white arrows represent the directions of the bridging features seen in HI and CO. The dashed vertical line indicates a position of the WR star. Fig. 10 . Schematic illustrations of the cloud-cloud collision model presented by Habe & Ohta (1992) and by Torii et al. (2015) , with minor modifications. are defined as Galactic longitude and latitude, respectively, and the z-axes represents to along the line-of-sight.
